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1. INTRODUCTION 
Recently the concept of sustainable development has been booming. The 
issue is very important because it concerns human beings. In this same 
context, CSR1 is a concept closely linked to sustainable development, which 
should not just focus on material gains (Aggeri et al, 2005), but rather think in 
three major areas that are the ecological, social and economic ones.  
In addition, Logistics which is taking a very important part of the Gross 
Domestic Product of any modern economy should no longer be limited to the 
economic area. It must expand its vision to become sustainable. Reducing 
CO2 emissions is a consistent goal with this concept. At the European level, 
passenger and freight transportation accounts for 19% of the total CO2 
emitted by the 25 members of the EU in 2004. Road transport represent 
93.4% of the total and it is the only sector that has grown by 24% in CO2 
released from its level in the 1990 (Eurostat, 2007). Freight transportation by 
truck accounts for 14% of the grand total in France. It has also become one of 
the most important factors to be considered in optimizing the supply chain, 
because of the increase in transportation costs for the last 10 years. 
The report of the European Commission in 1998 identified various areas of 
research and work that can be explored to achieve a sustainable logistics. 
Among the areas, we discuss the reduction of fuel consumption and the eco-
driving strategy. 
We show here through a study conducted in the form of an action research 
David, A. and Hatchuel, A. (2007) in collaboration with the logistics service 
provider LR Services2, that eco driving strategy can be very efficient in an 
operational freight transportation environment but also depends on the area 
characteristics. This raises the question of the individual measurement and 
the evaluation of the driving behaviour improvement. In classical eco driving 
models, the estimation of an interval of the eco driving fuel consumption 
depending on the tour environment was often overlooked because of the 
complexity of this task. Despite this difficulty, we think that this could be a 
solution to build a new sustainable incentive system. In this sense, the main 
contribution of this paper is to highlight the importance of the eco driving on 
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reducing truck fuel consumption in operations and to identify and propose a 
new system that allows logistics service provider to evaluate and to find the 
way to share the eco driving individual gain as a new driver motivation 
method.  
In section 1, we present the state of the art of fuel consumption influencing 
factors depending on the type of the vehicle. Then we give an idea about the 
most important research conducted to analyze the eco driving impacts. Here 
we highlight the fact that all research concern cars and buses. Consequently, 
there is no research that was able to prove the efficacy of eco driving in an 
operational freight transport context. We describe, in Section2, the system 
developed to monitor consumption and the data collected. Section 3 is 
devoted to experimental results on real situations. We define the significant 
fuel consumption factors and their impact on consumption. We explain the 
importance of driving behaviour as one of the most important factors for 
reducing consumption. In our approach, a link is made between the fuel 
consumption and eco-driving. Then we focus on the actions that were 
implemented in the framework of an eco-driving strategy and we analyze the 
effect of these actions on fuel consumption depending on the urban 
distribution region. Here, we highlight the variability of the eco driving strategy 
results depending on the geographical area and the role of transport 
operators on the motivation of the drivers and the importance of its eco-driving 
advices. In Section 4, we note that the evaluation of the driving behaviour of 
the drivers must take into account the different characteristics of the delivery 
tour. Then, we propose a new method to estimate an interval of eco-driving 
depending on the environment of the tour. Finally, in Section 5 we will discuss 
the prospective of this approach through research of other factors that could 
explain the unexplained residual of the fuel consumption.  
2. STATE OF THE ART 
 
2.1 Fuel consumption factors 
There are many factors affecting vehicle gas emissions and fuel consumption, 
including the design and engineering of the vehicles, the operation of vehicles 
and the traffic management (Abbott et al., 1995). Recently, some researches 
proved that speed and acceleration have a large impact on a vehicle’s fuel 
economy and Green House emissions. They are the primary factors that 
determine the power requirements needed for specific driving manoeuvres. In 
addition, other static variables play a role such as vehicle weight, 
aerodynamic drag, rolling resistance, and road grade (Barth et al., 2009). 
Some kind of mechanistic emission and fuel consumption simulators consider 
speed as the only parameter for explaining driving strategy (Markel et al., 
2002) (Strakey et al., 1988). It is assumed in all cases that the speed of the 
vehicle is the major function of the vehicle performance over route 
characteristics and traffic flows.  
Also, to study the relation between fuel consumption and vehicle weight, a 
cross-sectional analysis of mass within the British fleet was used to estimate 
the partial effects of mass on the fuel consumption and secondary safety 
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performance of vehicles. The results confirmed that fuel consumption 
increases because of the mass increase. This variability is different for various 
fuel combinations and transmission types.  
2.2 Eco driving impacts 
To date, substantially less attention has been placed on eco-driving in the 
research. Nevertheless, positive responses to eco-driving by the public have 
started to draw attention and actions from vehicle manufacturers. It is 
important to note that nearly all eco-driving-related research to date has been 
on providing static advice to drivers and measuring before-and-after 
differences.   
Eco-driving can be considered as one such strategy that has recently become 
an important research theme worldwide due to increasing fuel costs and the 
general desire to reduce CO2 emissions (Gense, 2000). 
Eco-driving primarily consists of a variety of driving techniques that save fuel 
and favour lower emissions. Eco-driving programs attempt to change a 
driver’s behaviour through general advices, such as: do not drive too fast; do 
not accelerate too quickly; shift gears sooner to keep engine speed lower; 
maintain steady speeds; and keep the vehicle in good maintenance (e.g. 
check for proper tyre pressure frequently). Additional rules apply while driving 
in traffic, such as anticipating traffic flow when accelerating and slowing down 
smoothly for stopped traffic, (Barth et al., 2009).Several eco-driving programs 
have been initiated in Europe, yielding fuel economy improvements on the 
order of 5–20% (Jowit., 2006);(CIECA., 2007). In several of these programs, it 
was found that another benefit of eco-driving is a safety improvement, since 
higher speeds are reduced and there are fewer perturbations in the traffic 
stream. Preliminary work in Japan has also shown similar improvements 
(Shinpo., 2007).  
Many analytical tools have been developed for studying driving strategy and 
its contribution to the implementation of the objectives of eco-driving 
(Kobayashi et al., 2007).  
One of the most important ways to reduce fuel consumption using an 
analytical tool is the identification of an optimal driving strategy. Saboohi et al 
(2009) developed a model of optimal driving strategy. The model has then 
been applied to identify the optimal driving strategy of a vehicle in different 
traffic congestions based on eco-driving rules. Vehicle speed and gear ratio 
was identified as control variables.  
New methods of eco driving strategy are emerging. Barth et al (2009) 
investigated the concept of dynamic eco driving. This dynamic strategy takes 
advantage of real-time traffic sensing and telematics, allowing for a traffic 
management system to monitor traffic speed, density, and flow, and then 
communicates advice in real-time back to the vehicles. The result was 
approximately 10–20% in fuel savings and lower CO2 emissions are possible 
without a significant increase in travel time. Based on simulations, it was 
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found that in general, higher percentage reductions in fuel consumption and 
CO2 emission occur during severe compared to less congested scenarios.  
Ericsson (2006) tried to estimate the potential for reducing fuel consumption 
and thus the emission of CO2 through a navigation system where optimization 
of route choice is based on the lowest total fuel consumption (instead of the 
traditional shortest time or distance), further the supplementary effect if such 
navigation support could take into account real-time information about traffic 
disturbance events from probe vehicles running in the street network. It was 
found that for 46% of trips in Lund the drivers’ spontaneous choice of route 
was not the most fuel-efficient. These trips could save, on average, 8.2% fuel 
by using a fuel-optimized navigation system. This corresponds to a 4% fuel 
reduction for all journeys in Lund. 
The idea of integrating eco-driving into car driving courses was introduced as 
far back as 1993. Many companies had long before recognized the value of 
training their drivers to save fuel. The first curriculum entitled ‘training for 
environmentally conscious and driving behaviour during driving instruction’ 
was published by the technical University of Berlin. 
Wahlberg (2007) evaluated the effects of training in fuel-efficient driving for 
bus drivers in a city environment. It was found that, although the effects during 
training were very strong, these did not transfer well into the drivers’ working 
situation. Overall, the effect was about two percent fuel consumption reduction 
on average over 12 months after training. 
Eco-driving in high density traffic flow is extremely affected by accelerating 
smoothly, decelerating gradually and also changing gear as early as possible 
at a modest engine speed (Ericsson ., 2001). Accordingly, aggressive driving 
based on sudden acceleration and deceleration results in fuel wastage of 
approximately 33% at high speeds on the highway and about 5% around   
towns (Thew ., 2007). Maintaining an efficient speed is an effective means of 
keeping mileage up. In addition to that, optimal energy efficiency can be 
expected while cruising with no stops, at minimal throttle and with the 
transmission in the highest gear. Therefore, acceleration should be quite 
gentle. 
Dogana et al (2011) investigate driver’s behavioural regulation while 
managing multiple goals during driving. A between-subjects design was used 
with one group of drivers managing two goals (safety and fuel saving) and 
another group managing three goals (safety, fuel saving, and time saving) 
while driving. The results indicate that even when a fuel saving or time saving 
goal are salient, safety goals are still given highest priority when interactions 
with other road users take place and when interacting with a traffic light. 
Additionally, performance on the fuel saving goal diminished for the group that 
had to manage fuel saving and time saving together, which is particularly the 
case of deliveries.  
We deduce that first, speed and load are primary fuel indicators with driver 
behaviour. However the driving behaviour can be influenced by several 
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factors such as timing priorities and traffic. Second, reducing fuel consumption 
in operation through cars eco driving was proved, but there’s no evidence of 
reduced consumption in freight transport operations through truck eco-driving. 
Third, there’s no system to evaluate the performance of the driver depending 
on the tour he did. Finally, we’ll try to answer to how we can link the driving 
behaviour to the truck fuel consumption, how we can reduce trucks fuel 
consumption in operation, and how it is possible to build a sustainable system 
of incentives for truck drivers. 
3. MEASEUREMENT OF ACTUAL TOURS FUEL CONSUMPTION 
 
In order to improve its level of security against road accidents, reduce its 
environmental impact and reduce its fuel bill, a logistics service provider has 
deployed a strategy of eco-driving. The aim is to reduce fuel consumption 
while reducing the risk of accidents, keeping the same level of services in 
strict compliance with all rules and operational imposed constraints. 
 
3.1 Factors identification 
 
The tour characteristics  
 
The main characteristics of the tour are the vehicle (type, power, weight, 
aerodynamics, gearbox, tyres, fuel type, clamping speed), the circuit (road 
grade, circuit type, max speed limit, number of stops, total distance, distance 
between two stops), the weather (temperature, rainfall, wind, humidity) and 
the load to deliver. Also, each tour has an environment. This environment is 
composed by other vehicles, curves, crossings, ascents, descents, accident, 
slippery, something or someone crossing the street ... The reaction of the 
driver to a change on one of those factors can results on a variation of 
instantaneous speed. 
 
The driving behaviour 
 
During a tour, a driver is required to start, accelerate, brake, jerk, ease off the 
accelerator, switch gear. Those actions will be repeated several times during 
one tour. The timing and duration of every action and time between two 
actions are very important. The sequence of these actions over the time and 
their durations represent the driving behaviour. This behaviour should change 
from one driver to another. But also for the same driver, that behaviour should 
change from one circuit to another. 
 
3.2 Data collection method 
 
Andre (1996) presented two main methods of driving data acquisition. The 
first one involves data measuring equipments installed in the targeted 
vehicles, which can be either driven by professional or non-professional 
drivers in a specified route or vehicle owners for their normal purposes. The 
second one employs car chasing technique. It involves a professional driver 
driving an instrumented car to follow the motion of the target cars in a defined 
route.  
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In this study, we employed the method that involves data measuring 
equipments installed in the targeted trucks. Logistics service provider trucks 
driven by experienced drivers were used to collect the second-by-second data 
in 3 big urban areas in France.  
 
We are interested in the CO2 emissions. However, using modern trucks, we 
have a direct relationship between fuel consumption and CO2 emissions. 
Consequently, we’ll concentrate our research on the fuel consumption 
reduction to reduce emissions. CO2 emissions factor for Diesel is 2,64 kg / 
Litre according to ADEME3. 
 
3.3 Data collection  
 
Instrumentation 
 
The system was set up starting from January 2010. It was composed by three 
integrated tools as presented in the figure 1. The first one is the Transport 
Management System used to inform us about tours, loads, trucks and driver 
affected to this tour. The second one is the data measuring equipments used 
to trace the vehicles during all tours and communicate all information about 
GPS position4 (Global Positioning System), average speed, Buscan and 
Chronotachygraph data. The communication is made through GPRS 
5connection (on average) every minute. Then data are stored on the central 
data base.  Finally all users in the company can connect to an SAS6 platform 
to download all information they need.  
 
We started by a data measuring test. This step started from December 2009 
for 1 month. Concerning the fuel consumption information, we measured it for 
every tank up and we compared it to the data reported by the system. The 
result was clearly reliable for all the communicated data.   
 
But, only using those two tools we couldn’t have usable data. We need to 
process data. That’s why we conceived a third tool called the Data Base 
Processing with the Ms Access software. This tool is a linker between the first 
2 tools. It reports about fuel consumption, driving behaviour and all needed 
tour characteristics.  The Ms Access data base size is about 200 Mo. It 
contains 9000 lines of information. 
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Figure.1: The conception of the Data Collection System 
 
The data reported by this system 
 
We started this experience with 29 vehicles on three distribution centers Paris, 
Lyon and Aix en Provence. About 9000 tours were followed by this system 
during 24 months (2010 – 2011). 
 
In order to measure important factors we have to collect:  
 
- Type of truck: the main characteristics of the type of truck are the truck 
tonnage, length and width. We have distinguished four types of trucks: 
Semi-trailer 3 axles, Semi trailer 2 axles, 26 tons trucks and 19 tons trucks; 
- Type of circuit: we have distinguished three types of tour, wheels tour 
(delivery outside the city centre), non-rolling tour (delivery in city center) 
and tour in the mountains; 
- Speed: we choose the tour average speed without taking into 
consideration the stop time, as the overall indicator of speed. Then, in our 
analysis, we defined average speed categories; 
- Vehicle load: the load of the vehicle is the sum of the weight of the 
products carried in this one. During the tour, we have several deliveries. 
After every delivery the vehicle load decreases. To overcome this problem 
of variation in overall charge of the vehicle, we chose to make an indicator 
and we called it the average load of the vehicle during the tour. This 
indicator is calculated in proportion to the distance of every section. 
Finally, we weighed the average load of the tour by the payload of the 
vehicle to have a filling percentage of the vehicle during the tour; 
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- Number of stops: we considered that every delivery is a stop. This factor 
should have a significant effect on the fuel consumption. Each time we 
start the vehicle, the engine is required to dissipate a lot of energy to pull 
the load, to overcome the physical forces and to reach again velocity 
imposed by the external environment; 
- The weather: the rolling resistance increases from the moment it’s raining. 
The inclusion of this indicator is to add more rolling resistance when it 
rains; 
- The tour distance in km; 
- The total consumption in liters; 
- The behavioural variables measured in our case are 
acceleration ratio, brake ratio, waiting time engine running. 
 
4. FUEL CONSUMPTION ANALYSIS 
 
4.1 A multifactor problem 
 
We noticed that there are big differences between tour characteristics. Those 
differences can affect strongly the fuel consumption. Consequently, we started 
by the tour categories definition. So we distinguished four types of trucks 
depending on its size and weight and three different road areas depending on 
geographic and socio demographic characteristics. In addition, we 
differentiate two tour types’ urban tour and provincial tour. The first one is 
characterized by low average speed and small distance and the second is 
characterized by high average speed and long distance.  
 
4.2 Geographic and seasonal variability 
  
In France, there are 4 seasonal major variations periods of traffic, the school 
holidays in February, the school holidays in October, the summer vacation 
(July and August) and the end of the year (December). Depending on the 
region, those periods could have different variation senses as shown in the 
figure 2. 
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Figure.2: The total fuel consumption evolution during 2010 for the 3 centers 
areas. 
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We had a problem on the fuel consumption reporting from May to July 2010. 
Consequently, we couldn’t report the fuel consumption during those three 
months.  
 
4.3 Factors definition  
 
The first step, in our study, was to define the principal fuel consumption 
factors as explained in the last section. First, we took a simple of 800 tours of 
Aix en Provence DC to analyse. This simple has 2% of sampling error 
according to the normal distribution theory. It was named Aix en Provence 
simple. Second, a principal Component Analysis was made to define the 
principal factors that could explain the consumption. To make a principal 
component analysis, we used the software Excel stat by Microsoft7.  
 
We distinguished two types of factors endogenous and exogenous factors. 
The first type is related to the driver behaviour as brake, acceleration and 
waiting time.  The second type is related to exterior factors as the load, the 
average speed and the weather.  
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Figure.3: Principal Component Analysis for Semi-trailer 3 axles in Aix en 
Provence Area 
 
As demonstrated in the figure 3 and according to this analysis we confirm that 
the speed and the load are the most important factors. Also the brake rate 
could be the most important driving behaviour factor. But there are other 
factors that can affect significantly the consumption like rain, number of 
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delivery per tour and driving behaviour (brake and acceleration). After 
separating the tour categories in terms of the two principal components, a 
second principal components analysis was made in every tour population to 
identify the secondary factors. As a result, number of stops, accelerating rate 
and braking rate are the major factors that can explain the consumption 
variation in every population. 
 
Tour classification  
 
We defined tour classification depending on principal factors identified in the 
last section. All tours having the same characteristics and factors ratio are 
considered in the same tour class as illustrated in table 1. Referring to the 
tours history, every tour class has minimum fuel consumption, maximum fuel 
consumption and average fuel consumption as illustrated in table 4. This 
analysis will not take into consideration the driving behaviour because we 
don’t consider it as one of the tour characteristics.  
 
4.4 Analysis 
 
Factors variability and fuel consumption 
 
The average speed is the most important factor explaining fuel consumption. 
There is a good correlation between average speed and average fuel 
consumption. This linear correlation depends on the DC geographical area.  
According to the survey, the consumption should decrease until the speed 
reaches 70km/h. starting from this speed the consumption should raise again. 
 
8 
 
Table.1: Changes on Semi-trailer 3 axles fuel consumption according to the 
tour average load in Aix en Provence Area 
 
As illustrated in table 1, starting from Aix en Provence simple we made a 
comparison on tour classes to analyse the effect of load on the fuel 
consumption. In the same tour class, trucks type, region, average speed and 
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rain rate are fixed. Most of tour classes show an increase on the minimum fuel 
consumption by 9% to 4% due to the load increase. This impact depends on 
the tour class. It decreases according to the tour average speed. 
 
 
 
Table.2: Changes on Semi-trailer 3 axles fuel consumption according to the 
rain in Aix en Provence Area 
 
As illustrated in table 2, we made a comparison on different tour classes to 
analyse the effect of rain and by the way the effect of the increasing rolling 
resistance on the fuel consumption. In the same tour class, trucks type, 
region, speed average and load average are fixed.  Most of tour classes show 
an increase on the average fuel consumption by 4 % to 15% due to the rolling 
resistance. This impact depends on the tour class. It decreases according to 
the average speed and the transported load evolution.  
 
Eco-driving strategy 
 
- Strategic planning actions 
 
The company eco driving strategy starts on January 2010 by displaying an 
eco driving notice visible to all the drivers. This notice contains eco driving 
advices. After two months, average fuel consumption per tour and per driver 
start to be displayed regularly with the driver site ranking. Six months later, 
collective debrief was made with all company drivers. It was the occasion to 
expose the company strategy and the importance of eco driving for all. 
Starting from this debrief, regular individual interviews were made to discuss 
about driving behaviour with the drivers who had higher fuel consumptions. To 
motivate drivers to improve their consumptions, an eco driving challenge with 
incentives was organised during three months from November to January 
2011. At the same time the company continued its eco driving marketing by 
publishing articles about eco driving in the company monthly newspaper and 
sent eco-driving flyers with pay slips.  
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- Eco-driving strategy effects   
 
Figure 3 demonstrated that in 2010, tour average consumption in Aix en 
Provence varied from 25L/100km to 60L/100km. Our goal was to decrease 
the global consumption by reducing the big gap between the tours 
consumptions. We made a big progress and from 2010 to 2011, the DC 
average fuel consumption decreased by 10% from 33 L/100km to 30 
L/100km. 
 
 
 
Figure 3: Aix en Provence Trucked tours fuel consumption 2010 - 2011. 
 
We made the same actions on 3 DC’s, but the result was clearly different. Aix 
en Provence and Lyon DCs9 succeed in reducing fuel consumptions as 
proved in the figure 4, figure 5 and figure 6, while Fleury Mérogis DC did not 
succeed as we can see in the figure 7. 
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Figure 4: The evolution of Aix en Provence global fuel consumption from 2010 
to 2011. 
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Trying to analyse the reason of this failure, we find that first, the improvement 
is inversely proportional to the geographical density in France. We deduce 
that the geographical factor is very important. Paris area is the denser in 
France. Lyon is the second. The France south region (Aix en Provence) is the 
less dense area between it with about 15% of Paris area density. Second, the 
style of management could be an important factor. The role of the manager is 
very important. In spite of all the efforts that could be made by the 
headquarter direction (eco driving challenge, eco driving training, showing 
drivers’ classification table…) the motivation of the management of the DC still 
the most important success factor of an eco driving strategy.  For different 
management styles, some transport operation managers did not succeed in 
decreasing fuel consumption. Third, after analysing the situation of each DC 
we deduce that the one that have not succeeded to decrease consumption 
and to motivate all drivers was the one that have big organisation problems on 
transport operation and drivers live in a big town (Paris) with a stressful life 
rhythm. 
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Figure 5: Aix en Provence cumulative fuel consumption evolution 
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Figure 6: Lyon cumulative fuel consumption evolution 
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Figure 7: Fleury Mérogis cumulative fuel consumption evolution 
 
- Eco driving challenge effect 
 
Table 3 gives an example of how an eco driving challenge can motivate 
drivers to reduce their consumption.  
 
Depending on the driver and the area it can reach 11%.  It also demonstrates 
that the motivation can vary from one driver population to another depending 
on the number of drivers per bonus, the marketing, the event communication 
and the geographical area. 
Finally, comparing 2010 and 2011 results we had a company global result 
improvement (weighted by area weight) by 1, 3%.  
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Table 3: The eco driving challenge results 
 
 
5. FUEL TARGET DEFINITION AND THE ECO-DRIVING INCENTIVE 
 
5.1 The first model set by the company 
 
After the set up of the eco-driving strategy, the company tried to make a first 
model to evaluate fuel consumption. Twelve types of tours were selected 
depending on trucks type, distribution centre location and tour type. For each 
type, a driving test with an eco driving monitor and with a well charged truck 
was made.  Then average fuel consumption, acceleration rate and braking 
rate of every tour were noted. And those results were considered as the eco 
driving data base.  
 
To evaluate the eco driving performance, after the tour was finished, they 
compared the eco driving reference base and the tour statistics reported by 
this model. 
 
But, drivers did not accept this evaluation tool and considered that this 
evaluation did not take into consideration all tour factors like load, congestion 
and weather (rain for example). So that we can’t compare the real tours 
consumption to the eco driving reference and we can’t made a classification 
starting from this model.  Consequently this model failed.  
 
A driver, who drives always in the city with big congestion and who has a 
good driving behaviour, will inevitably have high average fuel consumption.  At 
the same time, another one who drives in a highway and never made efforts 
to have an eco-driving behaviour will have a better average fuel consumption. 
So when we classify the drivers according to their average fuel consumption 
and without taking into consideration the tour characteristics, we might 
discourage most drivers. And if we want to set up an incentive, we will not be 
able to do it.  
 
That’s why the company needs to be able to evaluate the performance and 
the improvement of every driver depending on his tour category.  This 
evaluation can be made by a decision support system. This decision support 
should help the manager to adapt his communication depending on the driver 
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behaviour. He can encourage and advise the one who had a bad performance 
and congratulate or give incentives for the one who improved this 
performance.  
 
The solution is to adapt the eco driving consumption to the specific tour 
characteristics. To attain this objective we decided to make a model able to 
estimate a range of fuel consumption depending on the tour characteristics. 
This model should be able to take into consideration the most important factor 
in order to predict the nearest interval of consumption. Starting from this 
model, it would be possible to evaluate the performance of drivers.  
 
Data availability in daily transportation operation context 
 
The starting idea is to conceive a model with data easy to collect. This model 
should be simple and easy to understand for drivers. Our goal is not to 
conceive a model that should predict or estimate the exact consumption for 
every tour. But we aim to define an interval of eco-driving for every tour 
depending on the tours characteristics. To build this model, we will start from 
the company historical consumption data base. And we will classify tour 
depending on the classification explained in the last section and the three 
principal factors, speed, load and rain.  For every type of tour we will consider 
the lowest consumption as the eco-driving one.  Finally, we have tried to 
explain the differences between different drivers on the same categories 
through the driving behaviour factors as (acceleration and braking).  
 
5.2 The new eco driving model  
 
The objective is to set up a tool able to evaluate driver performance. This tool 
has to take into consideration the real condition of the tour. The output of the 
mode would be an eco driving consumption interval. If the tour fuel 
consumption remains within the eco-driving fuel consumption interval, we 
consider that the driver has an eco driving consumption and a good driving 
behaviour. Otherwise, the driving behaviour is non economic and non 
ecologic. Factors taken into consideration to adjust the consumption are 
average speed, load and rain.  
 
Method 
 
As we processed on the first part of the analysis, we took the different classes 
of tours and we tried to find the relation between factors as speed and load 
and the minimum average fuel consumption. We chose the multiple 
regressions as a method to define this relation. Finally we were able to 
estimate a theoretical eco driving fuel consumption. Then we add rain rate if 
the weather is rainy. The next equations illustrate how the model can define 
the eco-driving range after calculating the multiple regressions.   
ACMi  =(Ai X +(1+L)Bi Y + Ci) (QR + SDi +1).          (1) 
ACi  =(Ai X +(1+L)Bi Y + Ci) (Q R + 1).     
       
(2) 
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X: 
 
Average speed 
Y: Average load 
I:             eco-driving range; 
ACMi:   maximum eco driving average fuel consumption of the tour 
class i; 
ACi: excellent eco driving average fuel consumption of the tour 
class i; 
Ai:     Average speed coefficient of the tour class i; 
Bi:     Load coefficient of the tour class i; 
Ci:     Fixed rate of the tour class i; 
SDi:   Standard deviation rate of the tour class i; 
R:      Rain {0; 1}  
L: Load change impact rate. 
Q:      Rain impact rate. 
 
The standard deviation of this estimation would define the fuel consumption 
interval. Certainly this estimation is not a perfect one, but it can be a first start 
to the driving behaviour evaluation.  
 
Unexplained residual 
 
Starting from the Aix en Provence simple, we found there is a variability of 
10% of fuel consumption that we couldn’t explain. There are certainly other 
factors that our analysis did not take into consideration.  So we can consider 
an interval of 10% of variability for the estimated consumptions. This was the 
best estimation according to data and variability. Starting from this model, 
we’ll analyse every tour that would have a big variation compared to the 
estimated eco driving interval. Then we’ll try to explain this difference. By this 
way we’ll improve the robustness of this model during the time.  
  
 
 
 
 
Eco driving model output  
 
L : X  ] 0;50]  L=L1;  
X [50;60] L=L2;  
X [60;70] L=L3;  
X [70;80[L=L4. 
 
(3) 
Q : X ]0;60]    and   Y ] 0 ;0,2]      Q=Q1; 
X ]0;60]    and   Y ]0,2; 0,3]   Q=Q2; 
X [60;80[ and   Y ]0 ;0,2]      Q=Q3; 
X [60;80[ and   Y ]0,2 ; 0,3] Q= Q3 
 
 
(4) 
I  = ]ACMi ; ACi]                                                          (5) 
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In the table 4 we show an example of the model input. This input is composed 
by 17 tour category statistics. Using this statistics we defined the relation 
between principal factors and eco-driving fuel consumption.  This relation is 
illustrated in equation (1) and equation (2). Then we’ll use this relation to 
calculate the eco driving range, equation (3).   
 
 
Table 4: Example of the model input for the Aix en province, Semi trailer 3 
axels eco driving assessment 
 
In the table 5, we present the result of the model. The standard deviation is 
6% and the maximum Gap is 10%. Consequently we estimate that the eco 
driving maximum fuel consumption is 6% above the simulated eco driving fuel 
consumption.   
 
 
 
Table 5: The output of the model 
(*) between the class minimum fuel consumption and simulated eco driving 
fuel consumption. 
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6. FURTHER RESEARCH  
 
Many researchers have focused on the analysis of the factors and variables 
affecting the level of consumption. Others have tried to assess the variation 
impact of each factor on the level of consumption. Following this research 
some articles began to analyze the impact of the eco driving strategy on the 
car and bus driving behaviour.  
 
Through the analysis presented in this paper, we have shown that eco driving 
can reduce the fuel consumption, although, the contribution of eco driving 
strategy is confirmed in a range of 0% to 10% according to the geographical 
area. 
 
Now we must still find a reliable assessment of driving behaviour depending 
on the conditions of every tour. Thus this paper opens research opportunities 
in three major areas; the first is to confirm the process of defining factors to 
enhance the idea that we presented. The experimentation of this approach 
with other data from real situations would be the second axis. The third axis is 
the explanation of the unexplained residual in our analysis to reach a higher 
level of confidence and precision. 
 
7. CONCLUSION 
 
Through this study we tried to analyze the contribution of an eco driving 
strategy in an operational context in freight transport. We accompanied the 
evolution of the establishment of such a device. Then, we analyzed the impact 
of actions carried out on reducing consumption. We have shown the 
contribution of the strategy applied and the fact that an improved performance 
depends not only on the strategy and interesting actions, but also its 
involvement in the distribution center operational transport department and the 
interactions and the exchanges with the drivers. With the company global fuel 
consumption progress and emissions reduced by 1,3%, we have also shown 
in the case studied a new need not yet expressed in the classic eco driving 
research. This results in several research perspectives in the design of tools 
for assessing performance and driving behaviour. Particularly, it is now 
necessary to validate the factors and predictors of consumption and to try to 
explain the part not yet explained as well as help drivers to reach this new 
objective. 
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